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摘要 
钙钛矿 (ABX3)材料具有优良吸光性质和独特的的能带结构，在光学材料、
光伏电池、二极管和光解水等方面具有广泛的应用前景。在过去的短短几年，以
CH3NH3PbI3 为典型代表的有机-无机杂化钙钛矿太阳能电池的光电转换效率
(PCE)已经出现了前所未有飞速提升。目前钙钛矿材料广泛应用于太阳能电池中，
而现在钙钛矿太阳能电池实用道路上遇到的棘手问题诸如稳定性、迟滞现象等都
与电池中的界面结构密切相关，尤其是二氧化钛/钙钛矿界面。因此二氧化钛/钙
钛矿界面问题的研究至关重要。 
针对钙钛矿太阳能电池中的二氧化钛/钙钛矿界面问题，本文利用苯甲酸衍
生物来修饰钙钛矿太阳能电池的二氧化钛/钙钛矿界面，改善界面上的电荷传输
和分离，以提高电池性能；利用原子层沉积（ALD）技术制备出超薄且均一的致
密层，在此基础上组装钙钛矿太阳能电池，以期得到迟滞效应小、转换效率高的
电池；电化学方法制备薄层钙钛矿进行了初步探索。主要研究内容与结果如下： 
1.自组装分子层是一种简单有效的修饰界面的方法，在修饰电极、染料敏化
和量子点太阳能电池等有着广泛的应用。本文诉诸苯甲酸衍生物来修饰二氧化钛
/钙钛矿界面，对不同分子修饰的钙钛矿太阳能电池的荧光光谱和吸收光谱以及
交流阻抗谱的研究表明：修饰分子可以通过官能团的改变，吸附基团和方式不同，
改变钙钛矿晶体的缺陷态密度，改变层间电荷传输，从而获得不同光电转换效率
以及不同迟滞效应程度的钙钛矿太阳能电池。 
2.首先以廉价的四氯化钛为钛源，利用 ALD 方法制备出超薄且均一的致密
层。从效率上来看，ALD 法和旋涂法相当，证明它是一种有效的制备钙钛矿太
阳能电池致密层的方法。然而，相对异常的是，相比于旋涂法，ALD 法的电池
迟滞效应明显减小。通过对两种制备方法的形貌的研究以及通过对阻抗谱的研究
表明，薄且均一的致密层，有较少的缺陷，界面电容小，电荷响应快，因此能减
少电荷积累，有利于电子的传输，从而降低迟滞效应。实验结果充分的证明了，
钙钛矿太阳能电池的器件结构和接触材料对迟滞效应有非常大影响，通过系统的
优化致密层的组成、形貌、厚度以及与钙钛矿的界面接触等，相信可以有效的减
弱钙钛矿太阳能电池的迟滞效应。 
3. 相对于常见的钙钛矿太阳能电池钙钛矿层的沉积方法如溶液制备法、气
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
2 
 
相沉积方法，电化学方法制备钙钛矿能够控制厚度，可以在室温下操作，沉积速
度快，相对低成本，可以覆盖相对难以接近的表面，也可制备大面积器件。但是
目前有关电化学制备方法的研究开展得较少。现有常用的钙钛矿制作工艺不容易
获得性能稳定、重现性好的钙钛矿太阳能电池，其中如何在二氧化钛上制备单层
均一的钙钛矿是研究钙钛矿界面结构的基础。（1）通过 Ag@TiO2 纳米壳层粒子
的拉曼光谱比较了不同分子的吸附情况，验证了巯基类分子的强吸附作用；（2）
通过分子自组装和键合等构造出了 Au/SAM/Pb 和 TiO2/SAM/Pb 构型，比较了不
同分子的吸附特点，验证了二氧化钛表面分子吸附的同时，也可为进行后续的钙
钛矿制备打下基础。由于二氧化钛的导电性较差，所以无法得到明显的吸附峰，
吸附的铅容易脱落，不宜进行后续的碘化铅转化以及钙钛矿转化，工作仍需进一
步改进。 
 
关键词： 钙钛矿；界面；致密层
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Abstract 
Perovskite (ABX3) materials have excellent absorption properties and unique 
energy band structure, and show broad application prospects in the fields of optical 
materials, Photovoltaic cells, diodes, and water splitting. In the past few years, the 
photoelectric conversion efficiency (PCE) of organic-inorganic hybrid perovskite 
solar cells has been an unprecedentediy rapid growth. At present, perovskite materials 
are most used in solar cells. however, difficult problems have been encountered , such 
as stability, hysteresis, which are related to the structure of the interface between TiO2 
and perovskite. So it is very important to study the interface between TiO2 and 
perovskite. 
In this paper, perovskite solar cell was prepared with benzene derivatives to 
modify TiO2/ perovskite interface to improve the interface of the charge transfer and 
separation, as well as PCE; thin and uniform TiO2 layer were prepared by means of 
atomic layer deposition (ALD), on which perovskite solar cell with small hysteresis 
effect and high PCE was assembled; preliminary exploration on electrochemical 
methods of preparing thin layer of perovskite has been carried out. The main research 
contents and results are as follows: 
1. Self-assembling monolayer is a simple and effective method to modify the 
interface, which has a wide range of applications in the modified electrode, dye and 
quantum dot sensitized solar cells. In this paper, we resort to the benzene derivatives 
to modify TiO2 / perovskite interface, fluorescence spectrum and absorption spectrum 
and impedance spectroscopy studies on different molecular- modified perovskite solar 
cell show that: by changing the functional group, adsorption groups and defect state 
density of perovskite crystal, changing the interlayer charge transport, molecular 
modification can obtain different photoelectric conversion efficiency and different 
varying degrees of hysteresis in perovskite solar cells. 
2. The thin, dense and uniform layer was prepared by the ALD method with 
TiCl4 as the titanium source. From the point of efficiency, the ALD method and spin 
coating method are equivalent. However, compared to the spin coating method, the 
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hysteresis effect of ALD method was significantly decreased compared with the spin 
coating method. Morphology study and impedance spectroscopy study based on two 
kinds of preparation indicated that, thin and dense layer of uniform by ALD method, 
has fewer defects, smaller interface capacitance, quicker charge response. So it can 
reduce the accumulation of charge, which is beneficial to the electron transport. Our 
works fully proves that perovskite solar cell device structure and compact layer 
influence on hysteresis effect, through the system to optimize the dense layer of the 
composition, morphology, thickness and with perovskite interface contact, we believe 
that can effectively reduce hysteresis effect of solar cell perovskite. 
3. Common solar cell perovskite deposition methods prefer to solution 
preparation and vapor deposition method, but such a few electrochemical deposition 
methods was reported. Electrochemical deposition is a versatile technique for 
producing surface coatings, owing to its precise controllability, room temperature 
operation, rapid deposition rate, and relatively low cost. More importantly, 
electrodeposition can provide superior coverage to relatively inaccessible surfaces of 
the substrate. From the point of perovskite production process, it is not easy to obtain 
stable, good reproducible perovskite solar cell. At first figure out how to prepare 
single-layer homogeneous perovskite on TiO2, which is the base of study interface 
structure of perovskite. (1) compare different molecular adsorption by Raman spectra 
of Ag @ TiO2 shell nanoparticles to verify the powerful adsorption of thiol containing 
molecules; (2) by molecular self assembly and bonding structure out the configuration 
of Au/SAM/Pb and TiO2/SAM/Pb, compared the adsorption characteristics of 
different molecules, for subsequent perovskite of preparation can also be as the TiO2 
surface molecular adsorption of verification. Due to the poor conductivity of titanium 
dioxide, it is impossible to get the obvious absorption peaks and the adsorption of lead 
is easy to fall off. So it is not suitable for subsequent iodide lead and perovskite 
conversion. Further study still needs to be improved. 
 
Key Words: perovskite; interface; compact layer 
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第一章 绪论 
环境问题是目前 21 世纪困扰中国乃至全人类的共同问题，在这种严峻形势
下，人们不得不重新审视自己的社会经济行为和走过的历程，一定不能重走之前
的老路，其中大力发展可再生和清洁能源写进了《中国 21 世纪议程：中国 21
世纪人口，环境与发展白皮书》[1]中。 
光能是清洁能源，并且相对于其他的清洁能源具有独特的优势。首先光能在
我国分布均匀，我国 76%的国土光照充沛。另外，相对于其他风能发电、核电、
水电来说，太阳能发电无噪声，安全可靠，技术应用相对成熟。 
目前的光伏行业主要是以硅材料的应用开发形成的光电转换产业链条，包括、
相关生产设备的制造、高纯多晶硅原材料生产、太阳能电池组件生产、太阳能电
池生产等。 
我国进入光电行业较晚，但发展很快，图 1.1 显示了 2010-2015 年中国光伏
发电装机情况。这主要与我们国家政府的大力支持和引导发展密不可分。然而从
2012 年以后，国内光伏行业遭遇欧美的反补贴反倾销政策，加上我国光伏行业
无序发展过快，企业面临很大的困难，光伏企业的重组正在加剧。但是，我们的
光伏企业仍然有竞争优势，作为制造业，我们的品牌、技术、销售渠道、团队仍
在，选择重组从而降低财务成本后，解决完债务问题我们仍在市场竞争中仍旧处
于优势地位。[2] 
2010 2011 2012 2013 2014 2015
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图 1.1 2010-2015 年中国光伏发电装机情况  
Figure 1.1 China PV installed capacity in 2010-2015 
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